The carboxypeptidase which had been shown to be present exclusively in nonfermentative mycoplasmas was found to be associated with cell membranes of Mycoplasma salivarium. The enzyme was released from the membranes with Triton X-100 and purified by ion-exchange chromatography on DEAE-Sephacel, affinity chromatography on arginine-Sepharose 4B, and chromatofocusing. The purified enzyme had a molecular mass of 218 kilodaltons, as estimated by gel filtration through Sepharose CL-6B, and yielded one band of activity in analytical disc-polyacrylamide gel electrophoresis performed in the presence of 0.5% (wt/vol) Triton X-100. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of the purified enzyme treated in the presence or absence of 2-mercaptoethanol revealed one band with a molecular mass of 87 kilodaltons. The enzyme catalyzed selectively the cleavage of the C-terminal arginine residue of peptides such as N-benzoylglycyl-Larginine, tuftsin, and bradykinin and was inhibited considerably by o-phenanthroline and EDTA but only slightly by NiCl2. The inhibition of the enzyme by EDTA was fully reversed by the addition of ZnCl2, whereas the addition of CoCI2 activated the enzyme.
Aminopeptidase activity has been demonstrated in mycoplasmas and ureaplasmas (13, 18) . Recently, the membranebound aminopeptidase specific for arginine and leucine was isolated from Mycoplasma salivarium, highly purified, and characterized (15) . In addition, an arginine-specific carboxypeptidase was found in nonfermentative human mycoplasmas, including M. salivarium, but not in fermentative human mycoplasmas (14) . It is of great interest that nonfermentative mycoplasmas possess the arginine-specific carboxypeptidase as well as aminopeptidase, since it is well known that they catabolize arginine to ATP by the arginine dihydrolase pathway (12) .
In this study, we confirmed that the carboxypeptidase was associated with cell membranes of M. salivarium and established procedures for releasing the enzyme from the membranes. We purified the enzyme and characterized its unique properties.
MATERIALS AND METHODS Chemicals. Sodium dodecyl sulfate (SDS), Tween 20, Brij 35, o-phenanthroline, 2-mercaptoethanol, iodoacetic acid, and tuftsin were purchased from Wako Pure Chemical Industries Ltd., Tokyo, Japan. N-Benzoylglycyl-L-arginine (Bz-Gly-Arg), benzoylglycyl-L-lysine, benzoylglycyl-L-histidine-L-leucine, pyroglutamyl-L-alanine, carbobenzoxylglycyl-L-phenylalanine, and bradykinin were purchased from the Protein Research Foundation, Osaka, Japan. N-Acetyl-Lalanyl-L-alanyl-L-alanine and bestatin were purchased from Sigma Chemical Co., St. Louis, Mo. All other chemicals were obtained from commercial sources and were of analytical or reagent grade.
Organisms and culture conditions. M. salivarium ATCC 23064 was grown in PPLO broth (Difco Laboratories, Detroit, Mich.) supplemented with 1% (vol/vol) PPLO serum fraction (Difco), 1% (wt/vol) yeast extract (Difco), 1% (wt/vol) L-arginine hydrochloride, 0.002% (wt/vol) phenol red, 0.05% (wt/vol) thallium acetate, and penicillin G (1,000 U/ml). Cultures were incubated at 37°C for 48 h and centri-* Corresponding author. fuged at 13,000 x g for 15 min. The cell pellets were washed three times with 0.25 M NaCl and resuspended in the same solution.
Preparation of the membrane fraction. The membrane fraction used for studies on localization of the carboxypeptidase was prepared from cells disrupted by osmotic shock after loading with glycerol (11) . However, the yield of the membrane fraction by osmotic shock was very low (about 10% of the total cell protein). Therefore, the membranes used for the release and the purification of the enzyme were prepared from cells disrupted by sonication as described previously (15) .
Treatment of the membrane fraction with detergents. The membrane fraction (0.28 mg of protein) was suspended in 1-ml portions of 0.1 M potassium phosphate (pH 6.5), each containing one of the detergents, and was then incubated at 37°C for 15 min. A portion of the mixture was removed for assay of the total activity after the treatment. The remaining mixture was centrifuged at 40,000 x g for 1 h, and the activity and protein in the supernatant were measured. The extent of release of the activity was expressed as a percentage of the total activities in the suspensions after treatment with detergents. Determination of carboxypeptidase activity. Carboxypeptidase activity was assayed by the colorimetric ninhydrin method described previously (14) by using Bz-Gly-Arg as a substrate and 0.1 M sodium acetate (pH 6.0) instead of 0.1 M potassium phosphate (pH 6.5). One unit of activity was defined as the amount required to produce 1 ,umol of arginine liberated per min at 37°C.
Thin-layer chromatography. A reaction mixture containing 0.1 ml of 5 mM substrate and 0.01 ml of the purified enzyme (7 ,ug of protein per ml) was incubated at 37°C for 1 h. The reaction mixture without substrate (enzyme control) or enzyme (substrate control) was also included in this experiment. A 1-,u portion of the reaction mixture was spotted on a precoated silica plate (HPTLC Si 50000; E. Merck AG, Darmstadt, Federal Republic of Germany). The chromatogram was developed in the solvent system n-butanol-ace- Polyacrylamide gel electrophoresis. Analytical disc-polyacrylamide gel electrophoresis was performed in 6.0% polyacrylamide gels by the methods of Ornstein (9) and Davis (3) . Because the enzyme sample became insoluble when Triton X-100 was removed, Triton X-100 was added to the stacking gel, the separating gel, and the electrode buffer.
SDS-polyacrylamide gel electrophoresis was performed in 10% polyacrylamide gels by the method of Laemmli (6) . The low-molecular-weight standards (Pharmacia, Uppsala, Sweden) were used.
Determination of molecular mass. The molecular mass of the enzyme was estimated by gel filtration on a column (1.5 by 76 cm) of Sepharose CL-6B previously equilibrated with 5 mM Tris hydrochloride (pH 7.5) containing 0.5 M NaCl and 0.1% (vol/vol) Triton X-100 by the method of Andrews (1) . A calibration curve was obtained by using the highmolecular-weight standards for gel filtration (Pharmacia) dissolved in the same buffer.
Effect of chemicals. A reaction mixture containing 0.1 M sodium acetate (pH 6.0), the purified enzyme (0.14 ,ug), and each of the various chemicals used (see Table 4 ) was preincubated at 37°C for 15 min and assayed for carboxypeptidase activity.
Protein determination. Protein concentrations were determined by the method of Lowry et al. (7) as modified by Dulley and Grieve (4).
RESULTS
Purification of the enzyme. (i) Localization of the enzyme in M. salivarium cells. The first step in the purification of the enzyme involved localization of the enzyme in M. salivarium cells. As a result, the enzyme was found to be associated with the membranes. Incidentally, the membrane and cytoplasmic fractions were well fractionated, judging from a level of arginine deiminase activity in the membrane fraction much lower than that in the cytoplasmic fraction, because the enzyme is already known to exist intracellularly (12) ( Table 1) .
(ii) Release of the enzyme from cell membranes. Attempts were made to release the enzyme from the membranes by using a variety of detergents. Triton X-100 released 95% of the enzyme and enhanced the activity by 75% (Table 2) . SDS also released 94% of the enzyme but inhibited the activity by 88%. Other detergents tested were not significantly effective. Therefore, Triton X-100 was found to be most effective for the purpose.
On the basis of these results, the soluble fraction (TX100 sup) obtained by treating 1 part of the membrane fraction (130 mg of protein) prepared from cell suspensions (270 mg of protein) with 5 parts of Triton X-100 by weight was used as a starting material for the purification.
(iii) Chromatography on DEAE-Sephacel. TX100sup (83 mg of protein), dialyzed against 5 mM Tris hydrochloride (pH 7.5) containing 0.5% (wt/vol) Triton X-100 (TB-Triton), was placed on a column (2.6 by 9.0 cm) of DEAE-Sephacel (Pharmacia) previously equilibrated with the buffer. The column was washed with about 200 ml of TB-Triton followed by 200 ml of a linear NaCI gradient from 0 to 0.5 M in TB-Triton. The enzyme was eluted from the column at 0.3 M NaCl. The fractions containing the activity (DEAE fraction) were pooled.
(iv) Chromatography on arginine-Sepharose 4B. The DEAE fraction (29.5 mg of protein), dialyzed against TBTriton, was placed on a column (1.0 by 10.0 cm) of arginineSepharose 4B (Pharmacia) previously equilibrated with TBTriton. The column was washed with 100 ml of TB-Triton followed by 100 ml of a linear NaCl gradient from 0 to 0.5 M.
The enzyme was eluted from the column at 0.3 M NaCl. The fractions containing the activity (AF fraction) were pooled.
(vi) Chromatofocusing. PBE 94 (Pharmacia) was packed into a column (1.0 by 25.0 cm). The column was equilibrated with 25 mM imidazole hydrochloride buffer (pH 7.4) containing 0.5% (wt/vol) Triton X-100 (start buffer). The AF fraction (6.9 mg of protein) was dialyzed against start buffer and placed on the column after 10 ml of 12.5% Polybuffer 74 (pH 4.0) (Pharmacia) containing 0.5% (wt/vol) Triton X-100 (elution buffer) was applied to the column. The elution was performed with 250 ml of the elution buffer. The enzyme was eluted from the column at about pH 6.2. The fractions containing the activity (CF fraction) were pooled.
(vii) Chromatography on arginine-Sepharose 4B. Finally, to remove Polybuffer 74 from the CF fraction and further purify the enzyme, the CF fraction was applied to a column (1.0 by 10.0 cm) of arginine-Sepharose 4B previously equilibrated with TB-Triton. The column was washed with 50 ml of TB-Triton followed by 100 ml of a linear NaCl gradient from 0 to 0.5 M in TB-Triton. The enzyme was eluted from the column at 0.3 M NaCl and separated from Polybuffer 74 by this procedure.
The specific activity of the final enzyme sample obtained by these procedures was 45 times greater than that of whole (Fig. 1) , as estimated by gel filtration, and yielded one band of activity by analytical discpolyacrylamide gel electrophoresis performed in the presence of 0.5% (wt/vol) Triton X-100 (Fig. 2) .
SDS-polyacrylamide gel electrophoresis of the enzyme revealed one major band corresponding to 87 kDa (Fig. 3) . In addition, the enzyme sample not treated with 2-mercaptoethanol revealed the same protein band, suggesting that the enzyme does not consist of heterogeneous subunits.
(ii) Substrate specificity. Carboxypeptidase My released the C-terminal arginine residue from bradykinin, tuftsin, and 6 .0%o polyacrylamide gels in the presence of 0.5% Triton X-100. Some gels were stained with Coomassie brilliant blue; others were sliced into 2-mm-thick sections, each of which was assayed for activity toward Bz-Gly-Arg.
Bz-Gly-Arg (Fig. 4) . None of the other peptides tested were cleaved by the enzyme. Although benzoylglycyl-L-lysine does not have a-amino groups, it reacted with ninhydrin, as shown in Fig. 4 . This reaction was presumed to be due to the e-amino group of the lysine residue of the peptides, because Slobodian et al. (16) investigated. The enzyme was inhibited significantly by o-phenanthroline and EDTA, was slightly inhibited by NiCl2, and was activated slightly by CoCI2 (Table 4) . Therefore, carboxypeptidase My is also a metalloenzyme, as is aminopeptidase My, which was described previously (14) . Furthermore, the following experiments were performed to determine the kinds of metal ions required for the manifestation of the enzyme activity. The purified enzyme (0.28 ,ug of protein) was preincubated with 0.4 mM EDTA at 37°C and pH 6.0 for 15 min, and then the carboxypeptidase activity was measured in the presence of each of the metal ions. As (Table 5 ).
DISCUSSION
We previously purified ald characterized the membranebound aminopeptidase from M. salivarium which is specific for N-terminal arginine and leucine residues of peptides (15) . The membrane-bound carboxypeptidase purified in this study was also shown to be specific for the C-terminal arginine residue of peptides (Fig. 4) . These results suggest that these enzymes play important roles in the acquisition of energy for growth, since M. salivarium catabolizes arginine to ATP in the arginine dihydrolase pathway (12) . This speculation is supported further by the finding that the carboxypeptidase exists in nonfermentative mycoplasmas but not in fermentative mycoplasmas (14) or in ureaplasmas or acholeplasmas (data not shown). That is, it is possible that these enzymes release arginine from peptides present extracellularly to supply arginine to the arginine dihydrolase pathway. In addition, it is possible that they act as an arginine-binding protein in the transport of arginine into the cell because of a high affinity for arginine.
Carboxypeptidase My appears to consist of homogeneous subunits with molecular masses of 87 kDa. On the other hand, the enzyme was shown to have a native molecular mass of 218 (87 x 2 + 44) kDa, although we are wondering whether the native molecular mass determined in the presence of Triton X-100 could be a proper native molecular mass. At present, we do not know how to associate these two inconsistent results. Thus, it is obvious that carboxypeptidase My consists of several subunits, but the exact subunit structure remains unknown. Carboxypeptidases N (10) and B (5) are well known to be specific for lysine as well as arginine, whereas carboxypeptidase My did not reveal 1ysine specificity. Therefore, carboxypeptidase My seems to be a different enzyme. Carboxypeptidases N and B are well known to inactivate anaphylatoxins, such as C3a, C5a, and bradykinin, by releasing the C-terminal arginine residue (2, 10) . In addition, carboxypeptidase B and leucine aminopeptidase are known to inactivate the phagocytosis-stimulating activity of tuftsin (8) .
Judging from the arginine specificity of carboxypeptidase 
